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Braneworld cosmology for a domain wall embedded in the charged (Anti)-de Sitter-Schwarzschild black
hole of the five–dimensional Einstein-Gauss-Bonnet-Maxwell theory is considered. The effective Friedmann
equation for the brane is derived by introducing the necessary surface counterterms required for a well-
defined variational principle in the Gauss–Bonnet theory and for the finiteness of the bulk space. The
asymptotic dynamics of the brane cosmology is determined and it is found that solutions with vanishingly
small spatial volume are unphysical. The finiteness of the bulk action is related to the vanishing of the
effective cosmological constant on the brane. An analogy between the Friedmann equation and a generalized







The holographic principle in string/M–theory is formulated in terms of the AdS/CFT or dS/CFT
correspondences adscft,dscft,hull. These correspondences have bridged the gap between previously distinct
branches of high energy physics. In particular, it has become clear that the physics of higher–dimensional
black holes is closely related to that of early universe cosmology. The possibility that our observable universe
may be viewed as a domain wall or ‘brane’ living on the boundary of a higher–dimensional black hole has
recently been extensively discussed branerefs,RSII,othermoves,bv,ida. In extensions to the second Randall–
Sundrum model RSII, for example, the brane is embedded in a five–dimensional Schwarzschild–Anti de Sitter
(SAdS) bulk and the mass of the black hole induces a ‘dark radiation’ term into the effective Friedmann
equation on the brane bine. This term alters the asymptotic behaviour of the cosmic dynamics at high
energies maeda. Thus far, attention has focused primarily on the case where the higher–dimensional bulk
is represented by an AdS black hole (or more simply pure AdS space). However, the recently proposed
dS/CFT correspondence provides motivation for considering the scenario where the bulk is (asymptotically)
a de Sitter black hole dscft,hull.
In an attempt to place the braneworld scenario in a more string theoretic setting, a num-
ber of authors have considered the effects of introducing higher–derivative terms in the curvature
HD,NOO,GBrefs,onlylocal,AM,cs,CD. Within the context of the AdS/CFT correspondence, higher curvature
terms in the bulk theory can arise as next–to–leading order corrections in the 1/N expansion of the conformal
field theory (CFT) in the limit of strong coupling largeN. The Gauss Bonnet (GB) combination of curvature
invariants is of particular interest to the braneworld cosmological scenario GBrefs,AM,cs,CD. This combina-
tion appears naturally in the next–to–leading order term of the heterotic string effective action stringGB,bd.
Although it contains higher–derivative gravitational terms in the metric, it is the unique combination in five
dimensions that results in second–order field equations, albeit of a much more complicated form than that
of standard Einstein gravity d86. Furthermore, from the point of view of the Randall–Sundrum scenario
RSII, this property is crucial in ensuring a localization of gravity on the brane onlylocal. The singular source
associated with the brane manifests itself as a δ–function in the energy–momentum tensor and this must be
cancelled, at the level of the field equations, by second derivatives in the metric.
In view of the above developments, therefore, the study of black holes and braneworlds in the GB
theory is well motivated, both from the field theoretic and cosmological points of view. Recently, Cai found
a class of topological black holes in D–dimensional Einstein–GB theory with a cosmological constant cai,
generalizing an earlier solution due to Boulware and Deser bd. These solutions were further generalized to
a class of charged SAdS and Schwarzschild–de Sitter (SdS) black holes in the Einstein–GB–Maxwell theory,
where a non–trivial electromagnetic field is present cvetic. In this paper, we investigate the dynamics of
four–dimensional vacuum branes embedded in this class of five–dimensional (Anti)–de Sitter black holes.
The structure of the paper is as follows. We present the bulk black hole solutions and the general
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form of the braneworld Friedmann equation in Section 2. We proceed in Section 3 to derive the effective
Friedmann equation on the brane for the case where the higher–dimensional spacetime is asymptotically
AdS. We determine the asymptotic behaviour of the brane cosmologies in Section 4 for this case. In Section
5, we consider the corresponding scenario where the bulk space is asymptotically de Sitter. Section 6 contains
a discussion on the (generalized) Cardy–Verlinde formulae EV,Cardy in both Einstein and higher–derivative
theories of gravity with a cosmological constant. We conclude with a discussion in Section 7.
Bulk Black Hole Geometry and Brane Dynamics
equation0
The (d + 1)–dimensional Einstein–GB–Maxwell bulk action has a matter sector consisting of a one–
form gauge potential, Aµ, with an antisymmetric electromagnetic field strength, Fµν  ∂µAν − ∂νAµ, and
a higher–order GB term in the gravitational sector of the theory. The action is given byIn this paper,
upper case Latin indices run from (A, B) = (1, 2, 3) over the spatial sections of the world–volume of the
brane, lower case Latin indices span the world–volume, (i, j) = (0, 1, 2, 3), lower case Greek indices span
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By extremising the variations of the action (vi) with respect to the metric tensor and gauge field,




We consider the case where the bulk spacetime corresponds to a static, hyper–spherically symmetric
geometry with a line element given by equationGBiv ds2 = −e2ν(r)dt2 +e2λ(r)dr2 + r2 Pd−1A,B=1 g˜ABdxAdxB ,
artial differentiation.
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